This study is to find vanadium carbide (VC) effects on fatigue limit of spheroidal vanadium carbide cast iron (SCI-VCrNi) with addition chromium (Cr) and nickel (Ni). The VC is very hard, about 2300 HV in the Vickers hardness and excellent abrasion resistance is possessed. But the shape control of VC is extremely difficult. Then, fatigue limit of SCI-VCrNi was evaluated by rotating bending fatigue test in this study. And, the fatigue tests of FCD500 and FCD700 also were carried out and it was compared with the SCI-VCrNi.
Introduction
The casting materials are widely used as parts of industrial product and mechanism. However, high performance and high value added of long life are being obtained the casting materials. In a current research, the spheroidal carbides cast iron that high hardness and high toughness was developed by 10 mass%V is added to 188 stainless steel and spheroidal vanadium carbides (VC) is distributed in the matrix.
14) The vanadium carbides is very hard, about 2300 HV in the Vickers hardness and excellent abrasion resistance is possessed. And, it is also reported that excellent erosive wear resistance according to Shimizu et al. 5) Therefore, SCIVCrNi has been required to a wide application as a mechanical structure material. However, the shape control of VC is extremely difficult, fatigue strength decreases remarkably when it is not spheroidal.
Then, fatigue strength of SCI-VCrNi was evaluated by rotating bending fatigue test in this study. And, fractography after the tests was observed, about the matrix and VC. Fracture surface is compared with FCD500 and FCD700 of cast iron material generally used with the sphere phase organization as a mechanical structure material. The influence of the matrix and VC on the fatigue strength was examined, and the fatigue fracture mechanism was considered.
Experimental Procedure

Specimens
SCI-VCrNi is melted from raw material mixed in the target composition using the high frequency induction furnace at 1973 K. Then, the carbide spheroidizing was carried out by the sandwich method using NiMg alloy after the about 600 s keeping at 1973 K. The molten metal of the carbide spheroidizing was cast in Y block sand mold of the shape shown in Fig. 1 .
And, FCD500 and FCD700 used as a comparison material dissolved in the high frequency induction furnace, and it carried out the spheroidizing using the FeSiMg alloy, and it was cast in the Y block sand mold. Those chemical compositions and mechanical properties are shown in Table 1 and Table 2 . The microstructure observation was carried out by using optical microscopy. 
Fatigue test
The fatigue tests were performed by using rotating bending fatigue testing machine (made by SHIMADZU, Ono-type rotating-bending fatigue tester H7 type). The testing condition is shown in Table 3 . The shape of the test specimen is shown in Fig. 2 .
After fatigue test, the fracture surface was observed by using optical microscopy and scanning electron microscopy (SEM, made by JEOL, JCM-5000).
Results and Discussion
Microstructure of specimens
The microstructure of SCI-VCrNi, FCD500 and FCD700 by the optical microscopy is shown in Fig. 3 . It is VC the result to of globularly disperses in the matrix. The microstructure of FCD500 and FCD700 the graphitic circumference is ferrite, and it except for is a pearlite.
Fatigue strength
The SN curves obtained from rotating bending fatigue tests are shown in Fig. 4 . In this study, due to the maximum number of cycles of N = 1 © 10 7 , the stress in reaching 1 © 10 7 cycles was made to be fatigue limit · w . The fatigue limit of SCI-VCrNi (· w = 350 MPa) is higher than FCD500 (· w = 290 MPa) and FCD700 (· w = 300 MPa).
The reason is considered as follow: spheroidal VC which exists in SCI-VCrNi is harder than nodular graphite. Moreover, the binding force between VC and matrix is stronger than that of nodular graphite. These make VC has the crack growth resistance to show higher fatigue limit.
Fracture surface and Fatigue failure mechanism
The representative crack initiation point (origin) of SCIVCrNi, FCD500 and FCD700 are shown by SEM in Figs. 5 and 6. Fatigue origins of SCI-VCrNi are inclusions or cluster of VC, and cluster of VC is dominant. The results observed in the present study is consistent with that reported Tokaji et al. 6) and Tanaka et al. 7) On the other hand, origins of FCD500 and FCD700 are bulky deformed graphite and casting defects as shown in Fig. 6 . Fatigue pattern of SCIVCrNi, FCD500 and FCD700 are shown in Fig. 7 . The beach marks, which is characteristic of fatigue, was observed at these fracture surfaces. Moreover, Fig. 7(a) shows that VC on fracture surface were almost fractured with brittle failure. Figures 7(b) and 7(c) shows that the graphites on fracture surface have been exfoliated from the matrix on FCD500 and FCD700.
Based on observation of fracture surface, the fatigue fracture mechanism of SCI-VCrNi was discussed. On SCIVCrNi, the fatigue crack is generated from inclusion and segregation of VC which is known the representative point of initiation of crack. The crack generated and grown with formation of fracture surface, to reach VC. It suggests that the stripe pattern like striation-type appeared on fracture surface in this period. After the crack reached VC, it breaks inner VC, grows and becomes fracture. Breaking of very hard VCs on the fracture surface means that binding force between VC and matrix are so strong that the crack propagates only inner of VC, without interface of VC. On SCI-VCrNi, from the fatigue fracture mechanism was mentioned above, the crack grows inner of VC which is very hard and strongly combined with matrix. It means that VC causes the resistance of the crack growth and the barrier of the crack propagation. Therefore, SCI-VCrNi has high fatigue strength. On the other hand, on FCD500 and FCD700, the crack was generated from the representative crack initiation point, and it propagated in the matrix. It suggests that the propagated crack makes the fracture surface observed in Figs. 7(b) and 7(c) , and reaches the graphite. The crack propagates at interface of graphite because of the weak binding force between graphite and matrix.
Conclusion
In this study, rotating bending fatigue test was carried out for the purpose of the investigation of fatigue strength of SCIVCrNi. The following results were obtained.
(1) Fatigue limit of SCI-VCrNi was · w = 350 MPa, and this value was higher than that of FCD500 and FCD700. It is caused by the dispersion of very hard spheroidal VC and large binding force between VC and matrix. (2) The fatigue crack initiation point of SCI-VCrNi is cluster of VC and inclusion. Among them, the cluster of VC is the most dominant as an origin.
